We propose three dimension virtual space touch panel that can be intuitively operated by moving the finger. In this research, three ultrasonic sensors are installed in the ceiling. Then, three dimension coordinates of the finger are specified by measuring the distance of each ultrasonic sensor from the finger. The simulation shows a good performance and accuracy. It is aimed to be used for 3D device operation.
Introduction
Three dimension display devices (1) such as a head mounted display and a stereo television has been increased in recent years. Therefore, it is thought that a three dimension operating device (2, 3) is needed for sending an instruction to these products in the near future. Currently, three dimension operating devices that have been reported include a remote controller that treat the person's hand movement as an instruction (4, 5) and a three dimension space touch panel. Remote controller system for hand movement detection using cameras is complex, and easily causing a malfunction by a non-intended hand movement. In addition, because the recognizable pattern of the hand movement is limited, only a few instructions can be assigned. Therefore, it is thought that the touch panel is more effective. There are various kinds of past touch panels. However, those shape is a plane, a curved surface, and the structure is basically a board. So they are two dimension devices in a real meaning. Such a structure cannot be extended to a three dimension device realistically, thus the one that use the three dimension space as the touch panel is not manufactured. Therefore, a three dimension visualization space touch panel using ultrasonic sensors is proposed in this research.
User can put the proposed virtual three dimension space touch panel at any convenient place where one condition that the ultrasonic wave is able to reach the ultrasonic sensors is cleared.
System Details

System Configuration
The system construction is shown in figure 1 .First of all, the ultrasonic wave is sent from the ultrasonic sensor for the transmission installed in the ceiling, and reflected sound from finger is received by the ultrasonic sensor for the reception installed in the ceiling. The signals from the ultrasonic sensors for reception are taken into the microcomputer, and the distance from the ultrasonic sensor to the finger is calculated. Then these distances are transmitted to the personal computer. The three dimension coordinates are worked out with the personal computer, and the pointer is displayed at where it should be in the 3-D space. Finally, whether the present pointer is on the position of a button or not is examined. Afterwards, if the pointer stops at the position of a button for two seconds or more, it is judged as a click event.
The ultrasonic sensor for transmission is shown in figure 2 .Three ultrasonic sensors are used because it is necessary to calculate three dimension coordinates of the finger
The received signals are sent to the microcomputer and the distances (in this research is 3) are calculated soon once the signal was received.
Deriving of Three Dimension Coordinates (a) Position of Ultrasonic Sensor for Reception
The position of ultrasonic sensor is shown in figure 3 . Assuming S i = (x i ,y i ,z i ).In this research, the ultrasonic sensors were set on three locations: S 1 = (-5,0,0), S 2 = (5,0,0), and S 3 = (0,-5,0). The unit is centimeter. Where l 1 [cm] is the distance from finger (T) to ultrasonic sensor at S 1 , l 2 [cm] is the distance from finger (T) to ultrasonic sensor at S 2 , and l 3 [cm] is the distance from finger (T) to ultrasonic sensor at S 3.
(b) Deriving of X Coordinates x coordinates are calculated from the triangle that consists of S 1 ，S 2 and T of figure 4. x coordinates can be denoted by the expression (4). 
When x is a negative value. 10
Where l 1 [cm] is the distance from finger (T) to ultrasonic sensor at S 1 , l 2 [cm] is the distance from finger (T) to ultrasonic sensor at S 2 , and l 3 [cm] is the distance from finger (T) to ultrasonic sensor at S 3.
(d) Deriving of Z Coordinates z coordinates are calculated from figure 3.
Where l 3 [cm] is the distance from finger (T) to ultrasonic sensor at S 3.
(e) 3 Dimension Imaginary Space Touch Panel Traditionally, the surface of an existing board that shows buttons on it was used as a two dimensional touch panel. However, for three dimension space touch panel, the panel is not exist in real world, thus the touch panel needs to be defined virtual. Figure 5 shows the range of virtual touch panel which is called operating space. In this range, the ultrasonic sensors for reception can receive the ultrasonic wave generated by ultrasonic sensors for transmission well, so that the system works correctly.
EXPERIMENT
Experimental Setup
In this research, the distance is measured by the ultrasonic wave. However, the speed of sound changes according to the temperature changes. Therefore, it is necessary to correct the speed of sound according to the temperature changing. The correction is processed by the expression (8) and (9). 
CONCLUSION
In this research, a three dimension virtual space touch panel by using ultrasonic sensors was proposed and Fig. 7 . Theoretical values and measured values examined. It is effective though the idea is simple. The three dimension coordinates can be derived from three distances between ultrasonic sensors and finger very fast for practical use. Simulation result shows a good performance and accuracy. In the future, we aimed to shrink the system scale for more widely application.
